A plant regeneration method has been developed for Polianthes tuberosa. Outer and inner scales of bulb were used as explants. Both explants were cultured on Murashige and Skoog (1962) medium containing 3% sucrose with different concentrations of benzylaminopurine (BAP), naphthalene acetic acid (NAA) and thidiazuron (TDZ). Multiple shoots were induced directly from the scales of explants. The formation of shoots from outer scales showed a slight difference from inner ones. The optimal concentration of BAP for inducing shoot formation was found to be 3.0 mg/L. Regeneration frequency was highest (93%) when explants were cultured on this MS medium. Another growth regulator that played an important role in shoot formation was TDZ (18 µM). Regenerated shoots transferred to MS medium supplemented with 2.5 mg/L BAP combined with 0.5 mg/L NAA and 0.1 mg/L kinetin increased multiple shooting rates. Also, roots were formed when media was supplemented with different concentrations of NAA. The rooting frequency was highest in MS medium with 1 mg/L NAA. Well developed mericlones were successfully shifted into green house for acclimatization.
INTRODUCTION
The tuberose (Polianthes tuberosa) is a perennial plant of the agave family Agavaceae, extracts of which are used as a middle note in perfumery (Edwards, 2006) . The common name is derived from the Latin tuberosa, meaning swollen or tuberous in reference to its root system. It consists of about 12 species. Polianthes means "grey flower". The tuberose is a night-blooming plant thought to be native to Mexico along with every other species of Polianthes. It is a prominent plant in Indian culture and mythology (Sangavai and Chellapandi, 2008) . The flowers are used in wedding ceremonies, garlands, decoration and various traditional rituals. The oil extracted from the flower is used as a perfume. Its scent is described as complex, exotic, sweet and floral. The tuberose grows in elongated spikes up to 45 cm (18 inch) long, and produces clusters of fragrant waxy white flowers that bloom from the bottom towards the top of the spike. It has long, bright green leaves clustered at the base of the plant and smaller, clasping leaves along the stem (Hutchinson et al., 2004) . It thrives in sunny spots and bloom in late summer and its tall stems and rather sparse, grass-like foliage make them ideal for *Corresponding author. E-mail: drsnaz31@hotmail.com.
inter-planting (Nagar, 1995) . Members of the closelyrelated genus Manfreda are often called "tuberoses". Plant tissue culture practices are used to propagate plants under sterile conditions, often to produce clones of a plant, which relies on the fact that many plant cells have the ability to regenerate a whole plant. Single cells, plant cells without cell walls (protoplasts), pieces of leaves, roots, or rhizomes can often be used to generate a new plant on culture media given the required nutrients and plant hormones (BadrDin and Jean Pierre, 1995) .
In the culturing of plant cells, plant growth regulators are used to produce callus growth, multiplication and rooting. Among different plant growth hormones so far studied, benzylaminopurine (BAP) is considered to be more important for in vitro propagation of these plants through tissue culture techniques. A recent application of plant tissue culture is used for the production of economically valuable chemicals (Nhut et al., 2002) . The main chemical compounds are methyl benzoate, methyl anthronilate, benzyl alcohol, butyric acid, eugenol, nerol, farnesol and geraniol. Thus, this work was aimed to propagate tuberose plant, P. tuberosa L. under in vitro condition by using different combination and concentrations of naphthalene acetic acid (NAA), BAP and other growth regulators in MS medium (Murashige and Skoog, 1962) .
MATERIALS AND METHODS

Plant material collection
Pre-cooled bulbs of P. tuberose were obtained from Chanan-Din Seeds (Company in Lahore), in the months of March and April.
Preparation of explants
Leaves and roots were separated from young bulb. Outer covering of bulb was removed and it was excised into scales ranging in sizes from 2 to 3 cm. These scales were used as explants for the present study.
Surface sterilization
Scales of bulb were washed thoroughly under running tap water for 10 min to remove surface adhering contaminants. These were then treated with detergents for 5 min and dipped in 96% ethyl alcohol to wash off the contaminants, followed by 0.1% mercuric chloride treatment for 2 to 3 min. The material was then thoroughly washed 2 to 3 times with sterile distilled water followed by surfactant treatment by dipping in 20% sodium hypochlorite for 15 min (Lindsey, 1997) . Finally, explants were again rinsed with autoclave water for 5 to 6 times.
Culture medium and conditions
MS basal medium was supplemented with 3% (w/v) sucrose and Phytagel (1.5 g/L) and was fortified with a range of concentrations of auxins and cytokinins in different experiments. The media were freshly prepared and dispensed in 100 ml glass test tubes and wrapped with polythene bags. The pH of all media was adjusted between 5.5 to 5.8 using 1 N HCl or 1 N KOH, and then autoclaved at 121°C for 20 min. Surface sterilized explants were inoculated vertically onto the culture medium at 1 explant per test tube. All the cultures were maintained at 22 ± 2°C under 16-h light and 8-h dark photoperiod with a light intensity of 2000 Lux by cool-white florescent tubular lights.
Shoot initiation and multiplication
The shoots formed from scales 2 to 3 weeks after inoculation in test tubes were cultured on MS medium supplemented with BAP (1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4 mg/L) alone or in combination with NAA (0.1, 0.2 and 0.4 mg/L). The percentage of explants producing shoots and the average number of shoots regenerated per explants and length of shoots were recorded after 30 days of culture, respectively. After the removal of the newly formed shoots from scales, the remaining materials were sub-cultured onto MS supplemented with different concentrations of BAP, NAA and kinetin to further increase the number of shoots.
In vitro rooting of shoots
For root induction, shoots of 3 to 4 cm in length that possessed approximately 4 to 5 leaves were transferred to medium consisting of MS and 3% w/v sucrose and Phytagel (1.5 g/L). The medium was further supplemented with different concentration of NAA (0.2, 0.5, 1.0, 1.5 and 2.0 mg/L).
Acclimatization
Plantlets with well-developed roots were removed from the culture medium, washed gently under running tap water, and transferred to plastic pots containing soil, sand and compost (1:1:1). Plants were covered with transparent polythene bags to maintain adequate moisture for a week and transferred to the greenhouse 28°C day, 20°C night, 16-h day-length, 70% relative humidity. After a week, the plastic covering was gradually removed and the plantlets were maintained in the green house in pots containing normal garden soil until they were transferred to the nursery.
Statistical analysis
Statistical analysis was performed according to the randomization structure using the Duncan's new multiple range test (DNMRT). Data (mean ± SD) were collected from three experiments each with 3 to 5 replicates.
RESULTS AND DISCUSSION
Explants selection and shoot initiation
Scales of bulb of P. tuberosa produced multiple shoots on MS media supplemented with different concentration of growth regulators. Outer scales showed different pattern of shoot formation as compared to inner scales ( Figure 1C and D) . Outer scales were hard and had different texture but overall performance of both type of scales were similar. These explants took 15 days after inoculation for initiation of shoots. The type and different concentrations of both auxin and cytokinins effect on frequency of shoot induction (% age) as well as on number of shoots produced/explants and average shoot length (cm) are given in (Table 1 ). Explants cultured on 1.5, 2.0 and 3.5 mg/L BAP showed stunted growth of resulting shoots with many roots, but its further growth was reduced with single shoot and it showed low frequency of shoot induction ( Figure 1E ). When same explants were treated with 1 mg/L BAP, they showed very good results with high frequency of shoots induction ( Figure 1F ).
In addition, the cytokinin TDZ (18 µM) influenced shoot formation in a good way similar to 1 mg/L BAP (Table 1) . When explants were cultured with different concentrations of BAP and NAA, out of three combinations tested, 0.1 mg/L NAA with 2.5 mg/L BAP was the most effective. It has been observed by Datta Subodh et al. (2002) that TDZ along with NAA induces shoots in tuberose. Moreover, nodular structures were formed in the presence of higher concentrations of BAP, gibberellic acid, but the further development of shoot buds from those nodules was possible only when these concentrations were lowered in the presence of indole acetic acid (IAA). In this study, the highest frequency of shoots produced was 93% when explants were cultured with BAP 3 mg/L ( Figure 1H ). The number of shoots produced /explants as well as average shoot length was also highest in this media that was 2.5 cm ± 0.08 after 30 days (no. of shoots formed) and 2.6cm ± 0.06 (average shoot length). Prakash et al. (1999) also studied role of different hormones and observed that among different plant growth hormones so far studied, BAP was considered to be more important for in vitro propagation of plants through tissue culture techniques.
Shoot multiplication
In the present study, effects of different combinations of BAP, Kin and NAA on shoot multiplication were also observed ( Figure 2A ). The number of shoots produced per explant was higher on medium containing 2.5 mg/L BAP in combination with 0.5 mg/L NAA and 0.1 mg/L Kin ( Figure 1J ). These results imply that the average number of shoots produced per explants was influenced by the addition of either Kin or BAP. The highest frequency of shoot induction was observed in MS medium containing 1.5 mg/L BAP as reported by Sangavai and Chellapandi (2008) . The stimulating effect of BAP on bud break and multiple-shoot formation has been reported earlier for several medicinal and aromatic plant species, including Chlorophytum borivilianum (Purohit et al., 1994) , Oscimum spp. (Pattnaik and Chand, 1996) , Piper spp. (Bhat et al., 1995) , Pogostemon cablin (Kukreja et al., 1990) and Withania somnifera (Sen and Sharma, 1991) and P. tuberosa (Nagash et al., 2009 ).
In the best media for shoot multiplication, the total number of shoots produced /explant were 5 ± 0.42 after 15 days of the previous experiment (Figure 2A ). Shoot length in (cm) was also measured which was largest in the media containing 1.5 mg/L BAP + 0.5 mg/L NAA + 0.1 mg/L Kin, as shown in Figure 2B ). Similarly a multiple Naz et al. 
Rooting and acclimatization
The influence of different concentrations of NAA on root induction from in vitro regenerated shoots after one month of culture was also observed in this study. When BAP and NAA both were used in different concentrations, rooting frequency was zero, but the use of NAA alone in different concentrations showed good results ( Figure 3A ).
Rooting frequency was highest in 1 mg/L NAA, which was 90% ( Figure 1L ). Root length was also calculated which was highest in 0.5 mg/L NAA ( Figure 3B) . Rooted plantlets were then transferred to a bed of sterile, moist sand or perlite. After four week of acclimatization, the plants grew vigorously and 81% survived in sand ( Figure  1M ). These results are in agreement with Nazneen et al. (2003) who found that the best root development was achieved on MS medium supplemented with 0.5 mg/L NAA. The plantlets obtained were successfully transferred to the field with 100% survival rate. Rajasekaran and Haripriya (2000) described a method of micropropagation in which the explants were cultured on MS medium supplemented with different concentrations of kinetin and BAP [benzyladenine] . The best regeneration response was obtained on MS medium containing 3 mg/L kin. The regenerated shoots transferred to MS medium supplemented with 2 mg/L IBA induced rooting in 90% of the shoots. The isolated plantlets hardened in vermiculite were transferred to pots containing garden soil and sand. In this experiment, bulblet formation was also observed in the media 2.5 mg/L BAP + 0.5 mg/L NAA ( Figure 1I ).
Conclusion
The present study demonstrates a simple and efficient method for high frequency direct shoot regeneration scales of P. tuberosa. The system is rapid, starting with the initiation of tissue culture. Moreover, explants proliferated with an average 6 shoots per explants on MS medium supplemented with 3 mg/L BAP. Such a high regeneration frequency would be useful for mass propagation and multiplication of this valuable plant.
